. The experiments to be described were undertaken to determine whether plasma skimming, capillarity, or both facilitate oxygen transport to the relatively ischemic deeper layers of the rnyocardium.
To this end erythrocyte and plasma contents per unit weight of tissue are measured, from which the number of capillaries and intercapillary distances are estimated.
These estimates are applied to a theoretical analysis of the determinants of myocardial tissue oxygen tension, based upon the Kety modification of the Krogh-Hill equation (6) .
METHODS

General
Mongrel dogs weighing between 20 and 35 kg were anesthetized with sodium pentobarbital 30 mg/kg body weight.
A carotid catheter was advanced into the ascending aorta. and a second catheter passed from the femoral artery to the aortic bifurcation.
The spleen was induced to contract by mechanical stimulation, and its pedicle tied. The animal was artifically ventilated on IOO % oxygen, and the heart exposed via a left thoracotomy. Mean aortic pressure was measured for reference during the above procedures.
Administration of Cell and Plasma Labels
Erythrocytes were labeled in vitro with Cr5104 (Chromitope sodium, Squibb).
In two experiments I 5 ml of washed cells were suspended in an equal volume of phosphate-buffered saline, pH 7.4. An isotonic solution of Cr5104 was added, and the mixture incubated at 37 C for IO min in a Dubnoff shaker. In the remaining experiments 30 ml of whole blood were added to IO to the bottom of the remaining cell column and a o.5-ml erythrocyte sample removed to a second tared counting tube. In three experiments an aliquot of fully labeled whole blood was also counted as an internal check on the differential counting technique. The sum of cell and plasma activities counted separately was within I % of the sum of cell and plasma activities counted differentially in the mixture of isotopes in whole blood.
To correct for plasma " trapped" in the cell phase (3), IO ~1 of radioiodinated serum albumin solution containing approximately I ,l~c were added to IO ml of unlabeled blood. After thorough mixing, an aliquot was centrifuged and prepared for counting as described above. All blood specimens were weighed and brought to the same volume as the tissue samples.
Di$krential Counting Technique
Samples were counted in random order for 400 set in each of two channels of a Nuclear-Chicago pulse-height analyzer and automatic counter.
One channel was calibrated to measure pulses due to emissions between 0.359 and 0.369 mev; the principal emission peak for 1131 is 0.364 mev. The second channel counted pulses between 0.315 and 0.325 mev, the principal Cr51 photopeak being 0.320 mev. Some of the photopeak due to 1131 appeared in the " Cr51" channel and some of the Cr51 photopeak appeared in the " 1131" channel. In addition, some free Cr61 contaminated plasma, and some 1131 was trapped in the cell phase. To determine the content of erythrocytes and plasma in a tissue sample, it was therefore necessary to determine empirically the count rate in both channels for plasma, and for erythrocytes corrected for trapped plasma. With these values a pair of simultaneous equations was derived for application to the count rates of the tissue samples. In these equations C identifies count rates from blood labeled in vitro with albumin-I131; this blood contains no Cr5104. R denotes count rates of fractions of fully labeled blood drawn immediately prior to cardiectomy, and R' the corresponding count rates corrected for trapped plasma. T designates count rates of a tissue sample. Table I includes all data for the left ventricle, ignoring both the regional differences shown in Figs. I and 2, and the pairing of deep and superficial samples. It therefore tends to minimize differences and to increase the standard error. We conclude that a vascularity gradient exists which would tend to ameliorate known gradients of blood flow and tissue oxygen tension (7, 9).
Tissue Hematocrit Ratio
In contrast to the differences in blood content from endocardium to epicardium described above, the tissue hematocrit ratios of deep and superficial samples were the same, and ranged from 0.99 to I .03; see Table  I In contrast, the subendocardial region of the apex of the left ventricular free wall is the most vascular part of the heart. The plasma content of this region significantly exceeds that of the subendocardial region of the base of the left ventricle, so that a base-apex gradient of vascularity exists in the deeper layers, in addition to the transmural gradients shown in Fig. I .
DISCUSSION
Critique of Method (5) are consistent with this idea. It is therefore of interest a) that a significant base-apex gradient of vascularity exists within the deeper layers, and b) that the apical region of the left ventricular free wall is the most vascular part of the entire heart. Estimation of capillarity and intercapillary distance. To appreciate the magnitude of the vascular adaptation shown in Figs. I and 2 it is necessary to convert blood content to number of capillaries and intercapillary distance. We assumed that the radius of coronary capillaries is 3.5 p, and that 50 % of the blood content of tissue samples was contained in capillaries. The latter assumption is an arbitrary one taken as a compromise between Wear& capillary counts (20) and Schleier's volume distribution data (I 6). Applying these assumptions :
For the left ventricular apical superficial myocardium we obtain 750 capillaries/mm2, and for apical deep myocardium I, IOO capillaries/mm2. Thus at the apex the deepest layers contain roughly 30 % more capillaries than the most superficial layers. Wearn (20) , using an injection technique designed to identify all capillaries present in the tissue, counted 5,000 capillaries/mm2. For a capillary radius of 3.5 p, 5,000 capillaries/mm2 occupy ~go,ooo p2 of each square millimeter of tissue cross section. Wearn's figure therefore corresponds to a capillary blood volume of approximately 19 % by weight ! Since this is 25 % greater than Hirche and Lochner's in vivo measurement of the total volume contained in all coronary vessels (2) an appreciable number of capillaries are normally closed. The difference between Wearn's data and the mean value of approximately goo capillaries/mm2 predicted by our analysis suggests that only one-fifth the total number of available capillaries are perfused at rest. Had we assumed that less than half the blood volume of our tissue samples resides in capillaries the number of perfused capillaries would have been even smaller. Even if one assumes that all blood in the samples is in capillaries one still obtains less than 2,000 capillaries/mm2.
The foregoing indicates that the precapillary sphincters are capable of effecting large increases as well as decreases in the number of open capillaries. To appreciate the extent to which such changes could facilitate diffusion it is necessary to convert number of capillaries to intercapillary distance. A block of tissue can be envisioned as a close-packed array of hexagonal columns, each of which is nourished by a central capillary (6, 18 in intercapillary distance may be gained from an analysis of the determinants of myocardial tissue oxygen tension (~02). If a capillary and a cylinder of tissue which it supplies are sectioned perpendicular to their long axes, it is possible to identify a shell of tissue within which ~02 is equal to the mean over the cross section of tissue. Kety (6) has shown that the distance of such a shell from the capillary depends on the ratio of the radius of the capillary to the radius of the cylinder of tissue, and is independent of blood flow and metabolism. Using this fact Kety (6) was able to solve the Krogh-Hill equation for mean ~02 within the tissue, and to express the solution in the simplified form:
distance, R. The ~02 is influenced by the square of R, and is further affected by the geometrical factor A, which increases as a complex function of R. Small differences in capillarity and hence in R would therefore be expected to -produce profound changes in ~02. Thus precapillary sphincters control the determinant with the greatest Cc leverage" upon radial diffusion from the capillary. It should be emphasized, however, that the term which includes R is subtracted from P,. Control of the radial diffusion distance by precapillary sphincters will therefore be effective only if flow provides a sufficient quantity of oxygen at the capillary source. This is particularly true for the heart which, under resting conditions, extracts roughly two-thirds the oxygen delivered to it by the arterial blood ( I, I 2). Stated somewhat differently, P, will remain constant only if the coronary circulation is so regulated that increments in A4 are accompanied by proport ional incremen .ts in F. The existence of such regulatory mechanisms is implied by the fact that the coronarv arteriovenous oxygen difference, M/F, remains constant during induced tachycardia (I o) and simulated exercise PO, = P, -A (MR2/ad) (61 (4) in anesthetized dogs, and during leg exercise sufficient to induce a 2-to 3-fold increase in the total body ~02 within the capillary, M = oxygen consumption, R = half-intercapillary distance, d = oxygen diffusion coefficient, and A is a function of the ratio of the radius r of a capillary to the radius R of the cylinder of tissue where : 3~ which it supplies. Since a table of values of A for various values of r/R is provided by Kety (6) , it would be pos-= mean ~02 within the tissue, P, = mean sible to estimate poz from our estimates of R were P, known. P, could be obtained from the oxygen-dissociation curve of hemoglobin if the mean oxygen content of capillary blood could be estimated. Assuming a linear decrement in oxygen content along the length of the capillary Kety (6) (20) .
Note that under basal conditions maximum vasodilatation reduces the oxygen gradient from capillary to cell to but z mm Hg, and a 4-fold increase in M under these conditions produces an additional decrement of only I .5 mm Hg ! If the longitudinal gradient within the capillary were to remain constant, C, = Ca -(M/2F)
where: C, = mean oxygen content of capillary blood, Ca = arterial oxygen content, and F = coronary blood flow. R the heart appears capable of extracting virtually all the oxygen delivered to it without lowering gz below the critical value. The I 1, 18.8, and 2 I -4 p isopleths represent the range of intercapillary distances estimated to exist within a single heart from endocardium (I 7 p) to epicardium (2 I .4 J. According to these calculations, under resting conditions the transmural gradient in R compensates by 5 mm Hg for the opposing effect of the transmural blood flow gradient to lower s in the inner layers (7, 9).
The magnitude of this geometric compensation for the blood flow gradient increases as M increases, for the latter increases the factor by which A and R2 are multiplied. Note that at a ~02 of 15 
